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Background: Kane's Model of Solid-State

Quantum Computers

Solid state quantum compu(er:, Arrays of phosphorus storm in bulk SL,

conlrolled by eledroak pte mini| hyperflne inter'actfom [I]

problem: Uniform irrayl of Individual dopanq itonm in bulk SI Ire

experimentally difficult !

r--7"m

I, l_m, B,E.,?¢mun. 393,p.133(19_I)
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Example: Ill Encapsulated in C36Solution: Use Encapsulated Atoms as Qubits [

Ele_lronic Control Gates

Proposal: Arrays of "encapsulated"

(with _ nuclear spin - qublis)

wi]l be easy to fabricale as emnpared

Io _ arriiy_ of Ih¢ similar biirc iilolr_

Example: _H encapsulated in C_

_ E_tmnic ch_ge

demity shows 8
weak rnela-slabk

Clare of UH al the

carnie* of C_

Suitable Solid-state Quhits Identified:

• _H ¢rK:apsulmed in a C.j,D_. fullerene

• lip encapsulated in a diaramd
nanocrystallile
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Reactivity Control for IH: C_D20

_. nH prde_ to rmke a hond with C Ilom within rullere_w.

Reduce tho chcmlcll et_ctlvlty ()

_, 5p -_h_brld will reduce I_ electron density "1_
or inr_r surfa_,

Hydroge_tlen

• Hexagon his lower diffusion horror than

penla |oil.

Non-hexagon st i-ucl ore is preferred. ('_

As a conclusion, we examined C_,,D_,
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E_.e rg.v changes as moving _H from the center to Ihe wall of C:_D_,

q, Symmetry sites:
Carbon, Bond,

: ,.n,.,oo

o_ os lO Is _o

Dl_a._ from the c_t_ (A)

Center is the frost

slllbk site.

No metli-stable site

• Diffusion Bt n'k'v

- 1.17 eV



e,

Charge Density of tH Encapsulated in C_D_o

• Some of declron wave of :H is round out of C_IDr
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Steps 2-3: Convert to a 31p Encapsulation in a
Diamond Nanocrystallite

Model 2: Doped Diamond Nanocrystallite
Stepl: 3tp Encapsulation in C6o

_wp In C_
• Center Is the most stmblssite for

s:p F_rmmion Energy (eV)

(6,6)Bond 4) 8 I
• Diffusion barrier to move to a

will C atom Is about 0.35 eV C©m_ -0._

• Implantation of _:P in • C,e ru]lertnt.s | "_ ./_

utemm _m k**_ (n

Kmpp, C_,LMoltc_larPhy_Wl _, _-1004 (|_g).
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U S ep2: grow bulky-onion !ay¢_ with _:P@ C_.rulkrcnes as scud material

@ Step3: e-beam irradiation of the b,_ky-onion layers eon_er/J the cone

shells imo _lp doped in a dlarrmnd nanoerystallite

EleclrOn irraJiation l

[ I .

gnnlw rl+ F. rand _,Jmyam, P+M., .'V_, 3H12+p..IJ3 II _t

M+ 11 .'(]o1 MSI+Fa_fma & N3SA ._,1_, _I t

Charge Density of sip in Diamond or Silicon

3lp doping in Diamond or Silicon

• Eric riD' difference between _lp at substltul_nal site, and two types of

Interstitial site of cempr_ed diamond (0, 20, and 50 GPa) and btdk St

25 ..........................

+ °interstitial site.

10 ....... _'_ • Diamond has blgl_r

ener_ dlffercnc_

than Sl,

l_wJ T*eai'w,d_

M_. I )2001 MSL SI.ulA_ & NA.SA Antes |c111

3_p in a Diamond Nanocrystallite as a Qubit
(Comments)

@ _P at a substitutional site in a diamond nanocrystallite is more

stable (by -15 ear) than a np at an tnteristitial site - no diffusion

@

._lp in Diamond _IP in S]
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Spin-orbit interaction on a qubit h 8 times stronger than Kane's

model

In principle any ho_st latfi_ ran b¢ chosen to lun_ the neighboring

qubit interactions

Experimentally feasible fabrication pathway ror these solJd-s_te

qubits (Steps 1-3) e_st
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